From its inception in the 1930s until very recent times, the cumulative recorder was the most widely used measurement instrument in the experimental analysis of behavior. It was an essential instrument in the discovery and analysis of schedules of reinforcement, providing the first real-time analysis of operant response rates and patterns. This review traces the evolution of the cumulative recorder from Skinner's early modified kymographs through various models developed by Skinner and his colleagues to its perfection in the 1950s, and then into the 1960s when it proliferated as different scientific instrument companies began marketing their own models of the cumulative recorder. With the rise of digital computers, the demise of the cumulative recorder as a scientific instrument was inevitable; however, the value of the cumulative record as a monitoring device to assess schedule control of behavior continues. The cumulative recorder remains, along with the operant conditioning chamber, an icon of Skinner's approach to psychology.
study by unaided observation. A cumulative recorder typical of those manufactured in the late 20th century (Ralph Gerbrands Company Model C-4) is shown in Figure 1 . Housed in a metal chassis, a continuous roll of paper was fed across an aluminum platen at a constant speed (typically about 31 cm, or 1 ft, per hr, but this often could be adjusted by a change of gears or switch setting), marked by one or more pens to show behavioral changes reflecting the contingencies of consequences in effect. In the usual experimental arrangement the recorder had four functions: (a) a response pen stepped vertically across the paper with each response; (b) if so programmed, the response pen pipped (i.e., deflected) typically downward with each reinforcer; (c) the response pen holder reset to the bottom of the paper when the pen holder reached the top of the page (typically after 550 responses, but this too was adjustable as well with many recorders); and (d) one or more separate event pens deflected up or down to indicate the occurrence of other significant environmental events, such as selected responses or stimulus changes.
Thus the device created a cumulative graph of operant responses, along with the concurrent indication of other significant events. These graphs came to be known as cumulative records (see Morris & Smith [2004] for a discussion of the history of the term), examples of which, generated by exposure to different schedules of reinforce- ment, are shown in Figure 2 . Cumulative records gave the investigator visual access to behavior in real time like no other measure before, revealing both small, local, behavioral effects and more molar ones such as the characteristic temporal and response patterns generated by each type of reinforcement schedule (for a comprehensive review of cumulative records generated by different schedules of reinforcement, see Ferster & Skinner [1957] ).
The history of the cumulative recorder is the story of gaining control over the four aforementioned functions: step, pip, reset, and event mark. Thus it is a history of striving to achieve an ever more accurate and precise picture of behavior in real time, the primary subject matter of the discipline. In the broader scheme of things, it is also in microcosm the story of the experimental analysis of behavior and how the reciprocal interaction between the scientist, the subject matter, and its measurement has led to change and progress.
The story may be divided into several parts. It begins with the invention of the kymograph, long before Skinner comes on to the stage of American psychology. The story then traces the cumulative recorder through its birth in Skinner's hands, its refinement by Skinner and his colleagues, its proliferation as a commercial product manufactured by scientific instrument companies, and its extinction as both the science and its technology outstripped the need for cumulative records as primary data.
FIRST STEPS

Skinner's Wonderful Machines
B. F. Skinner was, by all accounts (e.g., Bjork, 1993; Ferster, 1970, p. 39; Morse & Dews, 2002, p. 314; Skinner, 1976a) , a tinkerer. He had a mechanical bent and was always making things. His career was filled with the successful outcomes of such tinkering: creative constructions of various pieces of apparatus for conducting operant conditioning experiments on rats and pigeons, for teaching students of psychology about his conceptual framework, for maintaining a comfortable environment for his daughter, and for making his work life more efficient and focused (e.g., Trudeau, 1990) . At least two of the outcomes of his tinkering have achieved iconic status in psychology: the operant conditioning chamber (a.k.a. the Skinner box, a label he disliked; see Lattal, 1999 ) and the cumulative recorder. There is a reciprocal interaction between these two pieces of apparatus and the essential features of his science of behavior. One is nearly impossible to separate from the other, at least in the early days of the science. In a small masterpiece of the art of inductive science, Skinner (1956) provided a history of the evolution of the operant conditioning chamber. He described his earliest attempts to depict the behavior of organisms in real time, but this story ends only at the beginnings of cumulative recording. To trace the remainder of that history, we must first go back to a time before the events of Skinner's case history, for only then will we have a context for the history of cumulative recorders that followed.
Why Cumulative Recording?
But first, the question of why depict behavior at all must be addressed. For Skinner, behavior was a subject matter of interest in its own right and ''an emphasis on rate of occurrence of repeated instances of an operant distinguishes the experimental analysis of behavior from kinds of psychology which pro- Fig. 2 . Top: Examples of cumulative records from complete experimental sessions generated by a Ralph Gerbrands Company Model C-2 cumulative recorder. Responses of 2 rats, 46 and 53, were maintained on a mixed variableinterval (VI) 1-min variable-time (VT) 1-min schedule of reinforcement, where single 45-mg food pellets served as the reinforcers. The mixed-schedule component duration was 10 min in the top session and 30 min in the bottom one. The response pen reset with each component change. The event pen was up during the variable-interval component and down during the variable-time component. Reinforcers are marked by downward deflections (pips) of the response pen (excerpted from Lattal, 1973) . Bottom: Records of pigeons' key pecking maintained on a fixedratio 110 (left) or a variable-ratio 110 (right) schedule with access to mixed grain as the reinforcer. Presumably the records were generated by early model Ralph Gerbrands Company cumulative recorders, but the details of the models are unknown. As in the top set of records, pips indicate reinforcers, but in this early version the pip was generated differently and appears as a hash across the record rather than as a downward deflection of the pen. The records have been telescoped to make possible the presentation of more data in less space, a procedure described in detail by Ferster and Skinner (1957) , from which these records were taken (excerpted from Figures 96 and 479 of that volume). ceed in . . . [other] ways '' (1966, p. 213) . ''Rate of responding is a basic dimension, not simply because responses can be accurately counted, but because rate is relevant to the central concern of a science of behavior '' (1966, p. 214) . Skinner also was interested in moment-to-moment changes in behavior in real time as a function of environmental changes; for example, the addition or removal of reinforcers or other stimuli:
An emphasis on real time is another reason why cumulative records are useful. (A cumulative record is sometimes used to ''smooth'' other kinds of data-for example, the errors made during repeated trials in learning a maze or in solving a problem-and it is often implied that a cumulative record of responses in time also gains an unwarranted smoothness of the same sort. The important difference is that the slope of a cumulative curve in real time represents a meaningful state of behavior.) (1966, p. 216) Ferster (1953) observed that:
Whenever an intermittent schedule of reinforcement is used, a cumulative record generally proves to be the most convenient and useful method of recording. . . . The virtue of the cumulative record is not that it allows a precise measurement of the rate at any particular time, but rather that it emphasizes changes in rate which can be seen in the curvatures of the record. (p. 267) More broadly, in contrast to his own position, Skinner asserted that most theories of learning posited that ''the learning goes on somewhere else, in a different dimensional system '' (1950/1972, p. 72) . The cumulative recorder made learning a truly empirical matter, something that could be directly observed as ongoing responding was traced out in a graph. Estes (personal communication, December 21, 1996) commented on another, more practical, effect with respect to one of Skinner's early recorders (Heron & Skinner, 1939) : ''It made a good show for visitors, who could, in Skinner's manner of speaking, see behavior being emitted.' ' Parsonson and Baer (1986) summarized simply a general rationale for the graphic analysis of data such as that found with cumulative records: ''The graph serve(s) as a comprehensive yet simple means of recording, storing, representing, communicating, and, above all, analyzing behavioral data'' (p. 157). Morse and Dews (2002) , however, made the most perceptive statement about the cumulative recorder's unique place in the history of the science of behavior: ''It was the cumulative recorder that permitted the recognition of the powerful effects of schedules [of reinforcement]. . . . The characteristic properties of different schedules would not have been discovered without the cumulative recorder'' (pp 313-314). The cumulative recorder's importance in leading to an understanding of how subtle, and not so subtle, changes in the environment are functionally related to subtle, and not so subtle, changes in behavior cannot be overstated. Simply put, without the cumulative recorder to generate records of the behavior of interest, there would have been no experimental analysis of behavior. At a more individual level, the cumulative recorder allowed the powerful immediate consequence for the scientist of seeing the effect of experimental manipulations almost as they were made. There was no need to wait for a summary graph or a statistical analysis to determine whether an effect was to be had, the effect was a matter of (cumulative) record (see Michael [1974] for a further discussion of the role of immediacy of results in determining scientific behavior). Such a consequence likely was a factor in drawing several generations of behavior analysts to the discipline.
Ludwig's Drum
At the time of Skinner's early work, the recording of behavior typically was done either manually or mechanically, the latter for the most part graphically by means of an instrument adapted from experimental physiology, the kymograph. Digital counters were not generally used in experimental psychology until some time after Skinner's earliest experiments. Thus it is not surprising that the earliest recording of operant responses was by means of a kymograph, as described by Skinner (1956) .
The kymograph was invented by the German physiologist Karl Ludwig (1816-1895) in 1847 and was first used by him to study blood pressure in nonhuman animals. An example of a kymograph typical of those used during the late 19th and early 20th centuries is shown in Figure 3 . A sensor attached to a location of interest on (or in) the organism was in turn attached to a transducer. The transducer then was attached to a stylus in contact with a piece of paper wrapped around a metal drum. The paper was smoked with carbon black (before ink and pens were used, at least) so whenever the drum moved the stylus scraped away a bit of the carbon on the black paper, leaving a white mark. So, through mechanical linkages the stylus was deflected by physiological events and because the drum rotated at a constant speed (being driven by a motor), a recording of these events in real time was achieved. (At least into the 1960s, Skinner gave to his graduating Ph.D. students autographed copies of a cumulative record scratched on a smoked piece of kymograph paper [preserved by a varnish-like fixer] from his early experimental work [see Figure 7 in Catania, 2002] .) Fig. 3 . Drawing of an early kymograph, with carbonblackened paper being marked by a stylus. The kymograph, or Ludwig's drum, rapidly became a mainstay of physiological laboratories around the world, undergoing some, but not extensive, modifications and refinements as time passed. By the time Skinner went to work in W. J. Crozier's physiology laboratory at Harvard in 1928, kymographs were undoubtedly about the laboratory, making their adaptation to his psychological experimentation highly probable. In fact, the kymograph had been used earlier by psychologists and others who were interested in recording individual responses in real time. For example, in the first American psychology textbook James (1890) presented a kymograph record (or kymogram) to illustrate reaction time. The famous diagram of Pavlov's preparation for classical conditioning shown by Yerkes and Morgulis (1909, their Figure 2 ) prominently depicts a kymograph as part of the apparatus. And the British psychologist Grindley (1932) , whose independent experiments on the instrumental conditioning of head movements of guinea pigs closely parallels some of Skinner's early operant conditioning work, described in detail the use of a kymograph to record the head movements of his subjects, albeit not as cumulative responses. Others in physiology and psychology, however, recognized the utility of a cumulative kymogram and developed early prototypes (Todd, 2004) .
From Kymograph to Cumulative Recorder
Skinner first used a kymograph like the Harvard Instruments Company model shown in Figure 4 to record the behavior of a whole organism, an intact young rat, as it tugged against a torsion wire to which its tail was attached ( Figure 2 in Skinner, 1956) . Soon thereafter, he began experimenting with unrestrained rats running through a long straight tunnel, and later through a continuous rectangular tunnel, placed on a fulcrum (Figures 4 and 5 in Skinner, 1956) . Each time the rat passed over the fulcrum the tunnel dropped, moving the stylus and recording a response on the smoked paper on the rotating kymograph drum. From the figures, responses were apparently recorded as simple deflections of an otherwise straight horizontal line (cf. Figure 6 in Skinner, 1956) . By 1930, he was recording responses cumulatively, and published his first cumulative records, shown in Figure 5 , in that year (Skinner, Fig. 5 . The first published cumulative (kymographic) records of Skinner (1930) . The notations ''N'' and ''t'' refer respectively to cumulative response number and time. 1930). He later described the cumulative recording of contacts with a feeding device:
In recording the contacts a simple signal lever [stylus] writing upon a kymograph drum would suffice, but we are interested in rate and in changes in rate, and a slight modification in the method of recording simplifies the inspection and measurement of these aspects of the record. A writing point is mounted upon a small collar, which slides freely upon a vertical shaft. The collar is supported by a silk thread, which is wound about the shaft of a ratchet mounted at the top of a vertical shaft. The ratchet is turned one notch at each contact by a coil magnet. Thus, when the circuit to the coil is made, the ratchet turns one notch, the thread is wound slightly further about the shaft of the ratchet, and the writing point is drawn up a corresponding (and uniform) distance. The record of a series of contacts is a step like line traced diagonally upon the kymograph paper. The slope of the line varies with the frequency of the contacts, and the line is straight, of course, if the rate is constant. The record may be treated as a graph . . . (1932, pp. 26-27) Although this modification of the kymograph solved the problem of cumulating responses, a second problem remained: What happened if the number of responses in a session exceeded the relatively narrow vertical width of the paper? Some type of reset device was needed to return the pen to the lower edge of the paper. Skinner (1933) identified and solved the problem as follows with the device shown in Figure 6 (which is Figure  3 from Skinner, 1933): In the case of large amplifications of the vertical movement of the writing-point an impractical width of kymograph paper is required. The effective width of the usual 6'' paper may be increased ten-or twenty-fold with the device represented in Figure 3 . The spool (A), mounted on the sliding carriage of the writing-point (B) carries a supply of extra thread. The spool is held from unwinding by the arm (C) and the catch (D). The entire device is supported by the thread (F) which goes to the [response device]. As the carriage is drawn up, a string (E), fastened at one end to the lever (D), and at the other to the base of the stand, is drawn tight. The string is of such a length that, when the writing-point reaches the top of the drum, the lever (D) has been Fig. 7 . One of a bank of 24 ''continuously recording units'' developed by Heron and Skinner (1939) . lowered to a point at which the arm (C) is released. The spool (A) immediately unwinds. The whole device drops, and the lever (D) catches the arm (C) after only one revolution of the spool. A length of thread equal to the circumference of A is thereby introduced into the system. If the circumference is slightly less than the width of the kymograph paper the writing point is almost instantaneously shifted from the top to the bottom of the drum. The operation is repeated when the writing-point again reaches the top of the paper. (pp. 12-13) The problems of reliable stepping and resetting of the response pen were not easily solved, and as will be seen, remained troublesome for the next two decades. Nonetheless, by 1933 Skinner had worked out his idea of cumulative recording, articulated its significance in his approach to the psychology of learning, and adapted the kymograph to his purposes. In the course of the latter he identified the problems of cumulating responses; and through the reset device described above, made possible continuous recording of such responses across session times that exceeded a single vertical sweep across the kymograph paper by the stylus.
REFINEMENT: I. THE SKINNER-KELLER AXIS
University of Minnesota
In Skinner's early experiments, the recording instrument remained what appears to the eye to be a modified kymograph; that is, it still looked like one of Ludwig's drums, but with some unusual, indeed, idiosyncratic, features. In his renewal application for his National Research Council Fellowship (at Harvard) , Skinner (1979, p. 86 ) described a ''rate recorder'' that ''included a gang of four drums driven by a Telechron motor-one of Ralph's [Gerbrands] more beautiful pieces of equipment, much more reliable than the old kymograph drums'' (p. 86). No further description of this rate recorder could be found in his other writings, but a seemingly related instrument was described in detail by Heron and Skinner (1939) . They used a bank of ''continuously recording units'' to cumulatively record responses and mechanically average them across platoons of rats tested concurrently in different chambers, thus producing an average cumulative record.
One of the component recorders, shown in Figure 7 , more closely approximates in appearance the familiar cumulative recorder of the late 20th century. Instead of a vertical drum, the drum now is horizontal and the seemingly frail string system for stepping and resetting the kymograph response pen is replaced by a more substantial worm-gear drive for stepping the pen. Also, rather than a single sheet of paper attached to a large round drum, a continuous roll of 6-in. paper unwinds across a platen turned by a constantspeed motor. Unlike the earlier system of cumulating responses in the kymograph instruments, here the response pen was stepped by a clutch-driven system such that each response energized the clutch, which gripped a plate affixed to a shaft. As mentioned earlier, the instrument was designed to operate in concert with 23 other units to produce ''average response curves'' from groups of rats. Figure 8 shows a photograph of the entire bank of 24 recorders. In his autobiography, Skinner called this recording instrument a ''summarizer' ' (1979, p. 223) , part of ''a monster of an apparatus,' ' (1979, p. 222 ), a ''mechanized version of the statistician's Latin Square' ' (1979, p. 223) , and noted that ''the industrial revolution had come to the study of animal behavior' ' (1979, p. 222 ). The Heron-Skinner summarizer remained in the Psychology Department at the University of Minnesota until 1965, at which point it, like so many pieces of obsolete psychological research apparatus, was discarded to make room for a new laboratory (B. Overmeier, personal communication, July 24, 2004).
Indiana University
A variation of the summarizer was described by Skinner as follows:
On Project Pigeon [circa 1940] we had improvised a kind of cumulative recorder in which a pen was drawn across a moving strip of paper by a taut string. The ratchet driving the string was made from an old gear. I thought it was time to standardize a recorder for general use; graphs from different laboratories would then have the same dimensions. . . . I found a small standard circular saw blade that had the right number of teeth for a ratchet, and I designed a paper drive mounted on a chassis of sheet aluminum. Unfortunately the saw eventually cut into the pawl that drove it, as I might have expected, and there were other problems. I asked Fred [Keller] if he thought that we could get firm orders for twenty or thirty instruments (from Yale, say, as well as from Columbia and Indiana) to encourage a company to develop a good model. I was soon reporting that a company was willing to go ahead without committed orders, and Fred and I eventually tested a prototype. It proved to be not only expensive but inaccurate. As in our behemoth, the pin (sic) was driven by a screw, and when we operated it at a steady rate, it drew a slightly wavy line. (1979, p. 322).
The above description seems to have been of events when Skinner was at Indiana University (1945 University ( -1948 , an observation also suggested by the fact that some orders for the commercial version were expected from Indiana. During this period there are two other pieces of evidence in the history of the cumulative recorder that may or may not be directly related to the instrument Skinner described above.
The first is a famous photograph of Skinner taken in his laboratory at Indiana University in 1948, reproduced in Figure 9 . The focal point of the picture is Skinner and a pigeon in the foreground; however, in the background, behind Skinner's right shoulder, are what looks to be a bank of three recording instruments. An enlarged portion of the photograph's background appears in Figure  10 . Several things about the recorders remain mysterious, however. They seem to be organized into an interconnected bank, like those described previously by Skinner (1979, p. 86) ; however, there appear to be three, not four in the bank as Skinner described. A drum is hard to see in the instruments, but the right edge of the paper in the recorder in the foreground appears to be rounded at its right rear edge, perhaps suggesting a drum under the paper. Furthermore, the instruments are not in an aluminum chassis, but are simply mounted on a table. Thus these instruments do not appear to be the prototype referred to in Skinner's preceding description. The photograph is not of sufficient resolution to assess the stepping or paper drive mechanisms.
The second piece of information is an advertisement for a ''cumulative recorder'' that appeared in the ''Conference on the Experimental Analysis of Behavior Notes'' dated June 26, 1948, which stated that ''several standard pieces of apparatus can be supplied by Mr. E. E. Lane, c/o Department of Psychology, Indiana University.'' A list followed that included the following description of a cumulative recorder:
Cumulative Recorder. Aluminum chassis with endless chart movement and paper spool. Takes any width of paper up to 6 ½Љ. Paper speeds of 4Љ (rat) or 8Љ (pigeon) per hour approximately (others to order). From one to four pen movements lying 8Љ apart can be used with one chart drive. Pen is driven by a ratchet, designed with low mass and long The date and description make this recorder sound like the prototype Skinner and Keller were working on; however, the above instrument is advertised as giving ''highly reliable'' records but Skinner had already commented on the unreliability of the prototype. This unreliability, however, may have been manifest after the advertisement was written. The fact that the recorders are available in units of one to four suggests a similarity with the recorders shown in the 1948 photograph (Figure 8 ). The description of the chassis is not sufficient to relate it to the one in the photograph.
J. Dinsmoor (personal communication, June 20, 1998 ; note that all further citations of Dinsmoor, unless preceded by an initial, refer to J. Dinsmoor) inspected the photographs shown in Figures 9 and 10 and commented as follows:
When I came to Indiana 3 years after Skinner left [1951] , I commandeered an apparatus having a single paper drive and four recording mechanisms, lined up serially to produce four individual records during the same time period. It had all the marks of BFS mechanical ingenuity. Each pen rested on a metal plate, which was trapped by a notch cut in a fiber belt. When the carriage reached the top of the record, it rode up an incline that freed it from the current notch, and a weight on a string pulled it back to the baseline, where it was caught by the next of three notches on the belt. In short, it reset! There was also some provision, I believe, for displacing the pen by a couple of millimeters to leave a pip below the line or to distinguish portions of the record by their level. I do not think the stuff in the picture could be the recorder I had. The one I used was mounted on brass legs, had a motor underneath, and unrolled a roll of paper. Unless it was a great camouflage job, I don't see how all of that could have been hidden in the picture.
In summary, although details of the cumulative recorders developed at Indiana are missing, from the available evidence it can be concluded that Skinner experimented with two aspects of the recorder during this period: A taut string was driven by a ratchet (similar to the ultimate solution eventually manifest in the Gerbrands recorders), replacing the screw or worm gear type mechanism that was used in Heron and Skinner's (1939) behemoth. Sometime in this period a fiber belt to guide the response pen as described above by Dinsmoor (personal communication, June 20, 1998 ) also was used. The clutch-driven reset for the response-pen unit described by Heron and Skinner also appears to have been replaced by the channel-release mechanism Dinsmoor described above (personal communication, June 20, 1998), a mechanism that will appear again in the Gerbrands Model C-1 recorder.
Har vard University
Skinner left Indiana University and returned to Harvard University in 1948. Work on the cumulative recorder continued there. Douglas Anger (personal communication, May 20, 1999) described his experience with an early cumulative recorder mechanism given to him at Harvard by Skinner (see Figure  11 for Anger's own diagram of the device):
When Skinner came [to Harvard] he gave me some parts of an early recorder of his: a big gear, I guess about 6Љ' in diameter, with lots of teeth, a solenoid, a big nail attached to a metal piece, and a leaf spring as shown. It was delightfully crude but effective. I used that ratchet mechanism to power a [cumulative recorder] I built. I used a round-and-round design to avoid the problem of resetting. A thread with three pens attached went round and round so that as one pen left the paper another one came on.
As noted above, Dinsmoor recalled that the recorders he inherited from Skinner at Indiana had a device with which one could manually make a pip to mark reinforcement. Anger (personal communication, May 20, 1999) offered the following addition to the history of the origin of the reinforcement marking or pip function of the response pen:
The recorder sat on a table with my circuit that was recording IRTs [interresponse times]. The IRT gadget was reset with a heavy weight that shook the table, and caused a tiny movement of the pens on the thread at the time of a response. I noticed those marks, and since I wanted to know which IRTs were reinforced, I mounted a relay to hit the thread, and make a good mark when a reinforcement occurred. The first time I went in to Skinner with those records, everything was so typical of Skinner. With just a glance at the records and before I could say a word, he points to the pips and says, ''What's that? What's that?'' I explained. Then nothing more was said about the pips. Now I really don't know how fast it was, but it seemed like the next day I went into his lab, all his recorders had relays kicking the pens to make such marks. After Skinner's return to Harvard, he was soon joined by Charles Ferster, who was completing his third year in the doctoral program at Columbia. Morse (personal communication, October 23, 1998) recalled the pivotal role of Ferster in developing the instrumentation associated with operant conditioning in the 1950s and 1960s, including bringing the ubiquitous snap lead and the Sodeco digital event counter into the operant laboratory (see also , Ferster, 1953 , Ferster, , 1970 . The details of the development of the cumulative recorder from the time Skinner returned to Harvard and the emergence of the Gerbrands Model C-1 are murky and may be forever lost; however, at least a part of that history can be reconstructed. According to W. Morse (personal communications, May 27, 1995; October 23, 1998 ) the team of Ferster, Skinner, and Ralph Gerbrands designed and constructed four variations of the cumulative recorder, the last of which became the Model C-1, the first successful commercial version. A set of instructions for the Model C-3, written by the Ralph Gerbrands Company, described the previous models as A, B, C, C-1, and C-2. Thus the four models mentioned below in this section will be labeled A, B, C, and finally, C-1.
According to Morse (personal communications, May 27, 1995; October 23, 1998 ), the first model (A) was in the shape of the later Gerbrands commercial recorders and had a roll of paper that fit in it as it did in the C-1. The response pen was reset by the release of tension; however, Morse could not recall whether the mechanism was a spring or gravity driven (in light of Dinsmoor's comment of June 20, 1998, it seems reasonable to speculate that the lead-weight/ gravity mechanism is the more likely candidate). This model used a Ledex rotary switch to step the response pen, but the switch proved no match for the large number of responses that were occurring, causing Ferster to recall that ''for a long while, I spent much of my time replacing and repairing rotary solenoids which lasted for only a few hundred thousand operations' ' (1970, pp. 39-40) . According to Morse (personal communication, October 23, 1998 ), the second model (labeled the ''Brown Box'' Model by Morse) was housed in a large brown box because it had a very large reciprocating motor. It had an Automatic Electric stepping switch to step the response pen (which ultimately found its way into the Gerbrands Model C-1 and subsequent models) and two leather-like friction plates pushed together as the pen stepped up the page. These plates eventually began to slip, rendering this solution to stepping the pen unreliable; the mechanism sounds related to the one described by Heron and Skinner (1939) .
The reset mechanism, which was controlled by ''a powerful [reciprocating] motor that overcame the friction on these plates,'' was such that ''it spun the disc back to the bottom of the page'' (Morse, personal communication, October 23, 1998) . One advantage of the friction plate device, according to Morse, was that the response pen could be reset at any point on the cumulative recordthe previous versions did not allow for this. This function was especially useful for analyzing certain schedules, such as the fixed interval (Gollub, personal communication, August 3, 2004) . Skinner (1979) later summarized these early attempts to develop a reliable cumulative recorder at Harvard as follows:
The taut-string recorders were not working well. The ratchets jammed, the paper crept sideways, pens skipped when moving fast and left blobs of ink when standing still, and we lost many valuable records. Charlie [Ferster] and I designed a new model but ran into another problem. The stepping switch which moved the pen was rated for only a few hundred thousand operations and pigeons responding at high rates for as much as ten hours a day soon wore it out. We eventually found a switch that would operate many millions of times and, meanwhile, . . . Ralph Gerbrands was working on a better model with a Telechron motor and a pen that reset when it reached the top of the paper. (p. 38)
The taut string recorders either were identical, or closely related, to the first model described by Morse. Presumably, the third Gerbrands version (the model labeled C in the Gerbrands instruction sheet mentioned above) eventually evolved into the Model C-1, though the details of the C model are not known. ( J. M. Harrison [Personal communication, October 23, 1998 ] gave a very early ''prototype'' Gerbrands recorder to the Harvard University instrument collection that may have been a Model C.) An advertisement in Volume 1, Number 3 (August, 1958) of JEAB is for a Gerbrands ''Model C cumulative recorder.'' This cannot, however, refer to what is here described as the prototype Model C for three reasons. First, the Model C-2 had replaced the Model C-1 by this time. Second, an advertisement for the ''patented Model C'' appears in July 1960, but based on the patent information this refers to the Model C-2, though it is not described as such in the advertisement. Third, in January 1961, the Model C-3 was introduced in an advertisement by noting ''This is to announce our new model C-3 cumulative recorder-successor to the model C-2.'' Three model changes-C to C-1, C-1 to C-2, and C-2 to C-3-could not have occurred between July 1960 and January 1961. The C-1 and its descendants will be described in detail shortly (for a synopsis of Gerbrands's contributions to the instrumentation of behavior analysis, see K. Dinsmoor, 1987) . Two other pieces of anecdotal evidence from this period may be added to the above, although the details are too sketchy to allow any firm assertions about how these pieces fit into the history of the Models A through C-1. As a graduate student in the mid 1960s at the University of Alabama, I recall in the operant laboratory there was an early-model cumulative recorder that reportedly was brought to the University by Gilbert (see, e.g., 1958 ) when he came to teach at Alabama from Harvard in the 1950s. The recorder was about the same size as the later ones developed by Ralph Gerbrands and was housed in a wooden box. It had a platen made of brass, the response pen was moved up the paper along a string, and ''the other end of the string hung overboard over a little pulley and had a weight attached to provide the reset action'' (W. Sullins, personal communication, May 18, 2003) . Sullins added that ''I remember having the sense, from the quality of its construction and operation, that it was not a ''one of a kind' production.'' The existence of more than one such recorder was corroborated by M. Harrison (personal communication, November 11, 1998) , who also recalled using a recorder ''made of woodvarnished-with brass platen.'' These recorders could be variations on the Model A described above, but it is impossible to confirm this given the absence of the recorder itself, which disappeared from Alabama sometime in the 1980s. (Harrison also noted that the version of this recorder that he used stepped from right to left rather than the standard left to right arrangement. Examples of the latter records may be seen in Harrison and Abelson [1959, p. 33, Figures 11, 12, 14, and 16] .)
The second item is a recollection of L. Gollub (personal communication, July 26, 2004) concerning a cumulative recorder that he saw during his graduate study at Harvard in the late 1950s: ''[It] was built inside a lovely wooden box with a glass top. Reset was accomplished by a reciprocating arm that pulled the pen carriage back to the starting position. This model did not have a clutch.'' He later added (personal communication, August 2, 2004) that ''events could be marked on the cumulative response record with a short horizontal line produced by a solenoid.'' This recorder sounds like the Model B described by Morse above, but like the wooden box recorder described by myself, Sullins, and Harrison, it is not possible to place this recorder unequivocally in the Gerbrands schema of Models A through C-1.
As with the Indiana years, even though elucidating all the details of the developmental history of the cumulative recorder at Harvard between 1948 and the early 1950s cannot be done, the available evidence suggests a period of very active and continual experimentation with both the response-pen unit step and reset functions. This experimentation culminated with the successful construction of a durable and reliable model that met the challenges of intensive use during the huge research program on schedules of reinforcement of Ferster and Skinner (1957) . Before describing these final steps, some other design efforts along the way must be mentioned. These were conducted at a different venue by Fred Keller and his colleagues.
Refinements Influenced by the Columbia Group
Concurrent with Skinner's refinements of the cumulative recorder, his friend and colleague from graduate school days, Fred Keller, also was working on versions of cumulative recorders. In a colloquium at Northeastern University, Keller (1975) recalled his departure from Colgate University to teach at Columbia University, noting that he departed . . . in the post-depression period, after seven lean years at Colgate University, without promotion or a raise in pay, and I brought my research equipment with me: A Skinner box and a cumulative recorder. Footnote: The Skinner box was early Gerbrands, described in the B of O [Skinner's Behavior of Organisms] , and the cumulative recorder, made by a friend in the Physics Department, a brother-in-law of the psychologist Douglas Ellson, was built from a Harvard kymograph drum, a Telechron clock motor, two Boston gears, a single ball bearing, four supporting parts, a 2-foot brass rod, a piece of silk thread, and a Bristol pen. My yearly research fund at Colgate was 25 dollars-which encouraged economies. Frick, Schoenfeld, and Keller (1948) subsequently published a description of the ''Apparatus designed for introductory psychology at Columbia College'' that included a photograph and description of the adapted kymograph. A published photograph of James Figure 13 with the cover removed.
Dinsmoor as a graduate student at Columbia (Figure 3 in Dinsmoor, 1990) shows such a kymograph (directly behind the operant conditioning chamber in the photograph) in use. The instrument was elegantly simple: an electric motor turned the drum, which was placed on its side. Responses were marked on the paper attached to the drum by a pencil in a holder. The pencil was pushed up the page by connecting its holder to a worm gear that rotated with each response. When Keller went to Brazil to help organize programs in psychology, a larger version of the kymograph-type cumulative recorder, with a vertically mounted drum and automatic reset device appeared, but according to those who used it, it was not very reliable (M. H. Hunziker, personal communication, October 27, 1998; see Figure 12 ).
Keller also was responsible for a prototype recorder labeled the Teaneck recorder by D. Eckerman (personal communication, September 14, 1998), which Eckerman described as ''something that [Fred Keller] invented and talked some local talent into making a prototype of.'' This prototype model is shown in Figures 13 and 14 . According to Keller's son, John Keller (personal communication, November 11, 1998) , the Kellers lived next door to an engineer named Bill Bell around 1949-1950. Fred Keller described the cumulative recorder to him and discussed the need for an inexpensive instrument (perhaps following the failure of the expensive version described by Skinner, 1979, p. 322) with Bell, who, in turn, was looking for new opportunities. Bell reportedly designed the recorder and built several copies of it, but John Keller did not know of their fate. Dinsmoor (personal communication, October 1, 2004), however, recalled that ''six copies of the Bell recorder were purchased for use in an undergraduate laboratory at Indiana [University]; I believe they used ball point pens, which were convenient to maintain but did not consistently leave a tracing on the paper.'' Knowing the identity of the person who constructed it and the dates, this instrument does not appear to be the same Skinner had described as a joint effort with Keller to develop a commercially viable cumulative recorder (see quotation on p. 336 above). 
REFINEMENT II. THE GERBRANDS CUMULATIVE RECORDERS
The Gerbrands Model C-1
The Ralph Gerbrands Company Model C-1 recorder was commercially available in the early 1950s. The first sales figures available for it are from 1955 (K. Dinsmoor, 1987) , when 36 were reported sold. An advertisement for what is called a ''Model C,'' but was probably a Model C-1, appeared in the first issue (1958) of JEAB, a year in which 242 cumulative recorders were sold (K. Dinsmoor, 1987) . Figure 15 shows some of the details of the Model C-1, many of which reflect refinements of earlier instruments developed by Skinner as described above. The C-1 was housed in an aluminum chassis that held both the mechanical components of the recorder and a roll of 6.5-in. wide paper that was fed continuously across a platen. A large externally mounted 110 volt AC motor turned the platen. Each operation of a stepping switch pulled a pen holder one unit (ratchet step) up the paper for each response; the pen holder rested against a piece of metal protruding upward from a ladder chain. As the pen holder moved up the page, it also pulled up a weight attached to the holder by a string. The lead weight was enclosed in a metal cylinder (see Figure 14 , lower left photograph). The reset mechanism was a simple combination of mechanical and gravity arrangements so that as the pen holder approached the top of the paper, it moved through a channel that separated it from the chain. When this occurred, the lead weight was free to descend and, returning to its resting state, pulled the pen holder back to the lower edge of the paper. When it reached the lower edge of the paper, the pen holder immediately engaged another metal sprocket on the chain and as responding continued the chain was again pulled up the page and with it the pen holder. This reset apparatus appears similar to that described earlier by Dinsmoor (personal communication, June 20, 1998) and by Morse (personal communication, May 27, 1995; October 23, 1998) .
Although the stepping switch for the pen proved to be reliable through millions of operations, the step of the pen was not always even and the pen-holder resetting device was less than perfect. Unlike the Model B reset mechanism described above, the response pen could not be reset except when it reached the top of the page. More importantly, however, the pen mechanism sometimes stuck and would not reset completely to the bottom of the page before reengaging a metal sprocket. A solution to this problem, however, had to await the next model.
Gerbrands Model C-2
The Model C-2 appeared between 1952 and 1956. A Foringer equipment catalogue dated August 25, 1956 included the following recommendation with a description of its cumulative recorder control panels: ''We recommend that you buy the Gerbrands' Model C-2 24 V. D.C. Cumulative Recorder.'' The C-2 received U.S. Patent number 2,926,984. Perhaps the most important change in appearance from the C-1 to the C-2 was the replacement of the thick ladder chain that engaged the response pen holder first with a string in a prototype model (Figure 15 , bottom left photograph) then, in the final version, with a smaller bead chain to which the response pen holder was attached (Figure 16 , top right photograph). The change to the smaller bead chain was part of a major modification in the method of resetting the response pen. In the C-2, the earlier C-1's gravity-based reset mechanism was replaced by a clutch-based reset system. When the response pen holder reached the top of the paper a microswitch activated a solenoid. The solenoid in turn engaged a clutch that allowed the response pen holder to be returned to the bottom of the page by a spring-driven mechanism. The latter was inspired by the device that reset a rotary telephone dial (Morse, personal communication, October 23, 1998) . Gerbrands obtained a patent on this clutchreset mechanism in March of 1960, giving his company ''a competitive advantage over the other companies selling this type of recorder at that time'' (R. Gerbrands, letter to W. Street, 1990 ; see also Street, 1960) . Like the C-1, the C-2 had a wide chassis (31 cm, not including the motor) and a large Telechron motor on the outside of the chassis to drive the platen. Here is a detailed description from the instruction manual accompanying an early C-3 recorder:
The cumulator [response] pen is driven across the paper by a high speed, electromechanical stepping device. The reliability and durability of this device has been demonstrated by its long use in automatic telephone exchange service. It will respond to a maximum rate of 35 to 50 pulses per second. Its life expectancy is approximately 50 million pulses [responses] . As used in our recorder it has exceeded this figure by many fold. The angular movement of the stepper is transmitted to the pen system through a gear train and a non-slip electromechanical clutch. A chain wrapped around the drum of the pen drive system, advances the pen along the paper. The reset force is provided by a governor controlled motor. This motor is spring powered and returns the pen, without bounce, to its zero position at a rapid and constant speed. The clutch is one of the Bottom left: top view of a Model C-2 prototype that used a string rather than a chain to pull the response pen unit (Note: the event pen visible on extreme right of the figure was added by an investigator). Bottom right: Detail of reset clutch mechanism assembly. The solenoid below the bar disengages the step mechanism above the bar, and allows the pen to reset. The Automatic Electric stepping switch coil is visible at the lower left.
essential features of our recorder. In comparison with the clutch used in an electric chronoscope which reads to only .01 seconds, it needs to be and is more than 10 times as accurate. Differential and tooth-wheeled clutches are not sufficiently accurate for use in cumulative recorders.
At some point, reportedly due to a labor strike that halted availability of the large Techtron motors, Gerbrands began using a smaller Cramer motor, mounted on the inside left side of the chassis. This motor, or a variation of it, was used on this and all subsequent models of the recorder. The smaller motor also made it easier to change the gears driving the platen, and thus the speed of the platen (changing gears was an option on all of the Gerbrands commercial recorders). A photograph of this latter version of the model C-2 with the smaller motor located on the inside of the chassis is shown in Figure 17 . Finally, the C-2 also had a mechanism, located on the drum of the pen drive system, that allowed the user to set the height that the pen would reach on the paper (i.e., the number of responses) before it would automatically reset to the bottom of the paper (see left wheel in the top right view of the recorder in Figure 16 ). In addition, the pen could be reset electrically by a remote pulse from the programming equipment. Interestingly, the C-2 was never advertised as such in JEAB, only as the ''Model C.''
Gerbrands Model C-3, C-3HS, and C-4
The most successful of all of the cumulative recorder models of the Gerbrands Company, the Model C-3 was a remarkable machine (see Figure 17) . Taking advantage of modifications in the electromechanical configuration of the step/reset mechanism, in comparison to its forerunners the C-3 had a narrower chassis (27.5 cm), gray in color (like the C-1 and C-2) in earlier units and tan in later ones (see Figure 18 , top photograph, although the photograph is not in color). The height (22.5 cm, minus the rubber feet) and depth (17.2 cm) were the same as the C-1 and C-2. The stepping and reset mechanisms were similar to the Model C-2, but differed in some important ways as noted below. The C-3 was first advertised in JEAB in January 1961 and for the last time in July 1987, a distinguished 26-year run. So durable is it that many of these C-3s are still in regular use today.
A set of instructions for the C-3 from the Ralph Gerbrands Company distinguished the C-2 and C-3 in terms of the ease of changing ''response rates,'' referring to the size of the step of the response pen. The gears responsible for this function on the C-3 were more conveniently located than on the C-2 (see Figure 18, lower left photograph) . A button on the top of the chassis also allowed manual reset of the response pen, in addition to the automatic and adjusting reset features of the C-2 (that is, this recorder, unlike the C-1, could be reset at any point in the response pen's traverse of the paper). In 1968, a Model C-3 was priced at $375.00 and the Model C-3 H.S. (described in the next paragraph) was priced at $515.00.
In April 1963, an advertisement for a Model C-3 H.S. (Sometimes referred to as ''C-3 S.H.S.'' [''silent high speed'']) also appeared in JEAB. This was essentially the same recorder as the C-3 except that it used solid-state electronic circuitry, which made it operate faster (more precisely tracking very high-rate responding) as well as silently. Many who had become accustomed to the reassuring clicking sound of a C-3 as responses were being emitted in the operant chambers found the silence an unsettling change. Investigators learned to discriminate the sound of their own experiments from the din of other operating recorders in the laboratory, and the loss of this monitoring function was sometimes significant. Wolkomir (1996) made a similar observation with respect to common household appliances:
Consider the clunking sound made by some clothes washers as they open and close valves to let water in and out. Those clunks can be annoying, and some manufacturers have, in fact, eliminated them. But it turns out that the clunks tell users when the machine is changing cycles. ''My wife's new washing machine doesn't clunk, so they had to add a buzzer to tell you when the cycle changes,'' explained [an expert on noise abatement]. (p. 56) Indeed, researchers using computers to generate cumulative records have been known to attach auditory generators to response outputs to allow this type of monitoring.
The last Gerbrands model, the C-4, was introduced in a JEAB advertisement in January, 1989 (see Figure 1) . A dial was added to this version on the back of the recorder that allowed specification of response pen steps per mm of 2, 4, or 8. The recorder also operated on solid-state circuitry and therefore did not make noise when stepped. Otherwise it was similar to the later Model C-3s in appearance (tan chassis), but with the C-4 the AC motor switch was on the side of the recorder rather than in the rear. This left room for the switch to adjust the pen step size to be attached to the rear.
PROLIFERATION AND MODIFICATION
Cumulative recorders proliferated in two ways. Once it became apparent that a market existed for cumulative recorders, other companies created their own versions. In addition, individual teachers and scientists modified commercial cumulative recorders to accommodate their special requirements.
The Gerbrands cumulative recorder remained the standard by which all the others were judged. In fact, several of the prominent electronic equipment companies (e.g., Lehigh Valley Electronics, the Grason-Stadler Company, and Foringer) simply sold the Gerbrands cumulative recorders rather than construct their own versions; however, Lehigh Valley Electronics did market a student model, described below.
Figures 19 through 27 show the cumulative recorders of other manufacturers of these instruments from the 1960s through the 1990s. The recorders are shown in the order of the dates (indicated) of their first advertisement in JEAB. These dates seem a reasonable approximation to the inception of these instruments because JEAB's readers were the most likely people in the psychology community to purchase them. Two companies, however, did not advertise their cumulative recorders in JEAB, Davis Scientific Instruments Company and the Lafayette Instrument Company, although both companies did advertise other products there. The prices of the recorders varied considerably and a price for a given year (where catalogues providing prices have been found) is indicated to give some context for evaluating the relative costs of the different instruments.
The first recorder of another manufacturer to appear in a JEAB advertisement after the Gerbrands Model C-1 was in January, 1962, when the Scientific Prototype Company advertised its Model CR2D cumulative recorder, shown in Figure 19 . The chassis of this instrument mounted conveniently on a relay rack and, unlike the Gerbrands C-1, did not require a separate programming panel, because the studs to which snap leads attached to control the functions of the recorder to operate were on the face of the chassis itself. Details of the stepping mechanism are shown in the lower left photograph and described in the figure caption. The cost listed in a July, 1965 advertisement in JEAB was $295.00. In July 1962, the BRS Electronics Company advertised a modified Varian recorder as a cumulative recorder, as shown in Figure 20 . Few details are available about this recorder. Its price, noted in the advertisement, was $1,095.00, very expensive for the time.
In addition to the companies noted above that sold the Gerbrands recorders in their catalogues, at least one of the other recorders was marketed by different firms, sometimes under the firm's name and sometimes under the name of another firm. The Campden Instruments Company of England, the Stoelting Company of Chicago, and Behavior Systems International of New York City all sold versions of the same solid-state circuitry cumulative recorder. The Campden Instruments recorder is shown in Figure 21 . A version of this recorder was first advertised in JEAB in March of 1972 (by Stoelting). The Stoelting Company advertised this same recorder, with the label ''Campden Instruments'' on its front, and it was included in the company's 1974 catalogue. This company was still selling the same recorder in 1984, but by then with ''Cumulative Recorder 624'' replacing the ''Campden Instruments'' label. The cost of a Behavior Systems International recorder in an advertisement in JEAB in September, 1973 was $489.00 for a recorder in a freestanding case (shown in the photograph) and $459.00 for one that could be mounted in a relay rack. Figure 22 shows the Davis Scientific Instruments entry into the cumulative recorder market. The Davis recorder was unusual in several ways. It had an aluminum and heavy plastic frame and chassis and included a digital counter (see the bottom photograph). In addition, unlike most of the other recorders, it used a roll of 5-in. paper that was perforated on both sides, similar to that used in Esterline-Angus event recorders of the time. A catalogue from the 1960s (exact date unknown) listed the recorder price as $412.50. users of all of these non-Gerbrands instruments over several years have yielded a consensus that none of these instruments measured up to the Gerbrands recorders for durability and reliability. Figure 24 shows a cumulative recorder manufactured in Japan. Interestingly, Skinner notes in his autobiography that as early as 1952, Gerbrands sent ''a lever, a food magazine, and a kymograph for obtaining cumulative response records to a Japanese psychologist, paid for by the Japanese government' ' (1979, p. 38) . The cumulative recorder is similar in shape and size to the Gerbrands models, but is much heavier. The electronic components have Japanese characters written on them, but the functions of the recorder are written in English. There are no marks to identify the manufacturer.
Once a technology is available, novel extrapolations of its use beyond its exact original purpose often develop (cf. Diamond, 1999) , and so it was with the cumulative recorder. One logical extension of its role in obtaining data from experimental research is to use it as a didactic tool in the classroom laboratory. As noted previously, Keller and his colleagues at Columbia University developed a simple kymograph-based cumulative recorder for student use. A recorder almost identical in appearance to this one was later made available commercially by the Lehigh Valley Electronics Company ( Figure 25 ) and was advertised in the July, 1967 issue of JEAB for $145.00. From 1966, Gerbrands also produced a relatively simple student recorder (Figure 26 ) consisting of a timing motor that turned a worm gear, propelling itself along the x-axis of the paper. A response pen was propelled along the y-axis by having responses rotate a mechanism inside the holder that was connected to a second worm gear that rotated with each response, thereby driving the response pen holder up the paper. This recorder sold for $195.00 in 1968. The Davis Scientific Instrument Company produced a student recorder that was somewhat similar in appearance to the Gerbrands student recorder (Figure 27 ). According to a catalogue description of the instrument:
The recording pen is carried across the chart by a unique electromagnetic linear stepping motor which moves itself along a pair of smooth parallel rods. The motor moves in discrete steps whose length can be continuously varied in the range from 20 per inch to 300 per inch by a simple dial adjustment . . . The entire stepping motor and rod assembly is carried along the length of the record chart by a synchronous motor-driven screw to provide a time base.
The price of this recorder in the 1960s catalogue mentioned above was $231.00. For an even less expensive way of allowing students to generate cumulative records, van Sommers (1967) described how a manual typewriter could be converted into a cumulative recorder for $25.00.
In addition to creating new and relatively simple instruments for didactic purposes, others adapted commercially available recorders for idiosyncratic and specialized research purposes. For example, Hur witz (1961), Kulli and Bogrow (1971) , and Robles, Alucema, and Cohen (1981) each adapted standard cumulative recorders for recording multiple responses from different sources as might occur under concurrent schedules of reinforcement. In addition, J. Keller (1974) modified a cumulative recorder so as to produce histograms.
A Note on Paper, Pens, and Ink
The cumulative recorder was no better than the records it produced, thus paper, pen, and ink were important to producing high-quality records. Most of the recorders used similar rolls of 6.5-in. plain white paper, available from the instrument companies or other sources (see, e.g., Ator, 1991) . As noted previously, one exception was the Davis Scientific Instruments Company recorders.
As described by Ferster (1970) , the Leeds and Northrop glass reservoir pen became standard even before the construction of the Gerbrands Model C-1. It was used on all subsequent Gerbrands models. For a time, disposable felt-tipped pens were sold by the Gerbrands Company for their recorders. The greatest benefit of these pens, however, was apparently to the seller and not to the scientist. These pens were short-lived, did not produce as crisp lines as the Leeds and Nor- throp pens, and dried up quickly when left uncapped. Other manufacturers, like Scientific Prototype, used a metal pen attached to an ink reservoir especially designed for their recorders. The Davis Scientific Instruments Company cumulative recorder used a pen with a writing tip from a popular lettering kit (the K and E Leroy lettering kit). Snapper, Verhave, and Herman (1964) described another type of commercially available pen that could be adapted for use with the cumulative recorder. Some investigators replaced the standard pens on the Gerbrands recorder with a polygraph-type pen with a larger ink reservoir. Finding just the right ink was the subject of three early technical notes in JEAB (Lindsley, 1958; Russell, 1961; Verhave, 1958) .
Managing Cumulative Records
In the typical laboratory the cumulative recorder generated kilometers of cumulative records that first had to be managed before they were removed from the recorder, lest they clutter up the entire laboratory; and once separated from the recorder, they had to be conveniently and safely stored. To these ends, several instruments were constructed or available commercially. Various types of takeup reels were available, including a Lehigh Valley Electronics Model 481-03 for storing cumulative records as they rolled off the recorder (see also Millner, 1970) . Once removed, the records could be neatly folded using a device created by Lekrone, Marmasse, Ferster, and Holtzman that folded records ''in the manner of an accordion pleat' ' (1963, p. 269) . Emiley, Hutchinson, Hallin, and Kiraley (1971) described a large cabinet designed specifically for the storing of records.
Selecting and Displaying ''Representative'' Cumulative Records
Cumulative records were the primar y means of data presentation in Skinner's Behavior of Organisms (1938) and for many years thereafter in research articles and texts describing experimental analyses of behavior (see, especially Ferster & Skinner, 1957) . Records as data were presented in different ways. Sometimes, records from entire sessions were shown, as illustrated in the top records in Figure 2 . At other times they were telescoped, as noted in the introduction, by cutting out the space between the reset lines and collapsing the records closer together to allow more records to be presented in a given amount of space. Telescoping of records is shown in the bottom records in Figure 2 . At still other times, only small segments of a session would be presented, and sometimes magnified, to illustrate a particular effect. Regardless of how the records were presented, it was difficult to choose from among the sometimes literally miles of cumulative records generated during an experiment which ones were ''illustrative'' or ''representative'' of the general performance during the experimental conditions under discussion. The criteria for representativeness were left to the experimenters' own discretion and judgment.
EXTINCTION
In a poignant observation, the 1960s trio of Peter, Paul, and Mary sang of how for little boys, ''painted wings and giants' rings make way for other toys.'' And so it was with the relation between researchers and cumulative recorders beginning sometime in the heyday of Peter, Paul, and Mary. Skinner (1976b, p. 218) noted the passing of an era when he said that ''Evidently we have not long to wait for an issue of JEAB without a single cumulative record!'' Poling (1979) confirmed Skinner's concerns by demonstrating a precipitous drop in the number of cumulative records per page in JEAB over the 20 years from 1958 to 1978. Both the discipline and its technology were changing. Many years before Skinner's lament, this change was enabled with the widespread use of the digital counter as a means of accurately accumulating responses over measured time periods. The laborious and less reliable method of estimating response rates from slopes of cumulative records therefore waned (see Carman, [1968] and Herrick [1965] for examples of practical solutions for rate calculations from cumulative records). Precise quantification of responding became the coin of the realm. The types of quantitative analyses ushered in by the seminal work of Herrnstein (e.g., 1970) and his students placed increasing emphasis on aggregates of responses in time rather than on the more moment-to-moment analyses invited by the cumulative recorder.
Two caveats to this last observation should be noted. First, digital counters in combination with precise timing devices also greatly facilitated the interresponse time analyses that epitomize much of what is sometimes called molecular analysis. Second, much of the original rationale for using cumulative recorders was in terms of allowing the analysis of rates of response. With respect to such rate calculation, response accumulation on counters was more accurate. Indeed, Killeen (1985) observed that ''the sensitivity of the recorder [as a reflector of response rates] decreases as the square of response rate'' (p. 179).
The digital computer began replacing electromechanical equipment from the mid 1960s forward (the first advertisement for a PDP8 computer-based experimental control system appeared in the September 1972 issue of JEAB), thus it was simply a matter of time until computer programs for generating cumulative records became widespread. Such programs were not only more flexible and easier to use, but cheaper than a cumulative recorder. Some of the first commercial products converted dot matrix printers to allow cumulative recording, and later software packages became available to provide onscreen displays and storage of computer-generated cumulative records.
The last Gerbrands company ad for a cumulative recorder appeared in the March 1994 issue of JEAB. On September 30, 1994 the Ralph Gerbrands Company closed its doors forever.
LIFE AFTER EXTINCTION From its evolution from the kymograph to a unique scientific instrument in its own right, the cumulative recorder and its product, the cumulative record, helped to shape the experimental analysis of behavior beyond the need for the instrument itself as a means of data analysis. For more than 40 years, however, from the 1950s well into the 1990s, the commercially manufactured cumulative recorder in laboratories devoted to the experimental analysis of behavior was as ubiquitous and essential as microscopes in a zoology lab. The importance of the cumulative recorder to the development of the experimental analysis of behavior already has been noted. For most of its history, in the experimental analysis of behavior conducting an experiment without a cumulative recorder was like conducting an experiment without an operant conditioning chamber. In the 21st century, cumulative recorders are no longer manufactured and exist only in museums (among Skinner's bequeathals to the Smithsonian Institution's National Museum of American History in Washington, D. C. is an early Ralph Gerbrands Company commercially available cumulative recorder) and the laboratories of a few survivors from those halcyon days of operant conditioning.
Cumulative records, however, still have useful functions, certainly not as a primary means of data analysis, but as invaluable tools for monitoring moment-to-moment progress during experimental sessions (cf. Ator, 1991) and for establishing standardization of experimental techniques (cf. Sidman, 1960, pp. 343-347) . For example, much contemporary research in learning still uses schedules of reinforcement as baselines against which the ef-fects of different types of independent variables are assessed. Thus having schedule control over the baseline behavior is both important and assumed prior to the introduction of the independent variable(s). Because schedule performance is so well standardized (Ferster & Skinner, 1957) , the cumulative record is essential in assessing whether the obtained responding is indeed under schedule control in terms of expected rates and patterns of responding. Schedule performance differing from the schedule-typical performance for a given schedule cannot be expected to yield reliable, valid, and repeatable effects of the independent variable(s).
The cumulative recorder is both a product and a reflection of the evolution of the science of behavior toward greater quantification and precision. As with any human endeavor, the recorder's evolution, proliferation, and ultimate demise are the result of the same dynamic forces of variation and selection that operate to shape and maintain other aspects of our natural world. As the namesake of the American Psychological Association's Division 25 newsletter, in some sense it literally hailed the science of behavior. To this day, a cumulative record appropriately appears on the masthead of the Division 25 Recorder. Students in introductory psychology courses to this day as well still see cumulative records in their textbooks when basic learning processes are discussed (e.g., Bernstein & Nash, 2002) . The cumulative recorder also has come to symbolize both Skinner's science and his personal characteristics of ingenuity, mechanical aptitude, persistence, precision in description of data, and getting it right.
